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On December 31, 1998, Unit 3 experienced a reactor trip from 100% Full Power 
during a Control Rod Drive (CRD) circuit breaker (BKR) trip test. 	When the 
test technicians tripped the first BKR per the procedure, the CRD Channel 'B' 
Trip Confirm Relay actuated unexpectedly. 	This actuation caused a Generator 
Lockout, followed immediately by a Main Turbine Trip and Anticipatory Reactor 
Trip. 	Unit response was routine and the operators stabilized the unit. 	A 
broken wire de-energized an auxiliary relay, which simulated two of the four 
DC CRD BKRs being open. 	When the AC BKR under test was opened, the Trip 
Confirm Relay logic caused the Generator Lockout. 	Investigation concluded 
that the wire broke during maintenance on an adjacent circuit during the most 
recent refueling outage. 	The trip occurred on the first test at power after 
the outage. 	The root cause was a defect dated from manufacture, with a 
contributing preventative maintenance weakness that allowed a loose fuse 
holder to cause movement of the wire. 	Corrective actions include repair of 
the broken wire, enhancement of maintenance work practices, and enhancement 
of test methods to allow verification of relay status prior to testing a BKR. 
The health and safety of the public was not compromised by this event. 
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EVALUATION: 

Background 

The Reactor Protective System (RPS) [EIIS:JC] is a safety related system 
which monitors parameters related to the safe operation of the plant. 
The RPS provides a two-of-four logic for tripping the reactor in response 
to unit/system conditions that require a unit trip. This is accomplished 
via the reactor trip module relays [EIIS:RLY] which de-energize the 
Control Rod Drive (CRD) System AC and DC circuit breakers (BKRs) causing 
all control rods to drop. 

The CRD System operates the reactor control rods. If power is 
interrupted to the CRD motors, the control rods are allowed to fall into 
the core, shutting down the reaction and tripping the unit. The CRD 
system contains two AC BKRs (designated 'AC Breaker Unit 10' and 'AC 
Breaker Unit 11') and four DC circuit BKRs (designated CB 1 through 4). 
The AC BKRs control all the 3 phase primary power to the rod drives. The 
DC BKRs control the DC power to rod groups 1 through 4, the gating power 
to rod groups 5 through 8, and the auxiliary power supplies. The control 
rod drive BKR combinations that initiate a reactor trip are: 

1)  open both AC BKS 
2)  open all 4 DC BKRs 
3)  open AC BKR 10 with DC BKRs CB 3 and 4 
4)  open AC BKR 11 with DC BKRs CB 1 and 2 

The status of the AC and DC BKRs is monitored by auxiliary relays 
(designated K1 through K4) which provide logic to activate an additional 
relay 'K5'. K5 provides a Reactor Trip Confirm, Channel B, signal which 
generates a Generator Lockout. The Generator Lockout causes a Main Turbine 
Trip, and trips other secondary side components. The Main Turbine Trip 
results in an Anticipatory Reactor Trip to the RPS. The Anticipatory 
Reactor Trip may be bypassed at low power levels. There is a redundant 
logic that provides a Reactor Trip Confirm Channel A signal which activates 
a Generator Back-up Lockout and other actions, again leading to an 
Anticipatory Reactor Trip. 
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Description of Event 

On December 31, 1998, Unit 3 was operating at 100% Full Power (FP). A 
periodic surveillance test was in progress on the Control Rod Drive (CRD) 
system. The intent of the test was to verify operability of the CRD 
circuit breakers (BKRs) by tripping them one at a time, so that the 2 of 
4 trip logic would not be actuated. 

At approximately 1415 hours, Reactor Protective System (RPS) Channel A 
was placed in Manual Bypass for the test. At 1435 hours, the Instrument 
and Control (I&C) technicians performing the test initiated a shunt trip 
of AC BKR CB 10 in accordance with their procedure. They and the Control 
Room Operators noted an immediate reactor trip. 

Other than the RPS trip signals which initiated the trip, there were no 
emergency actuations or abnormal responses associated with this trip. 
The Emergency Power Switching Logic transferred power from the normal 
source (the unit generator) to the startup source (switchyard) as 
designed. Operator response was immediate and appropriate. RPS Channels 
B, C, and D all tripped. Channel A did not trip since it was in Manual 
Bypass for the test. The operators verified that all control rods fully 
inserted and began immediate post-trip manual actions. The Transient 
Monitor Computer was out of service at the time of the trip but data 
obtained from the Operator Aid Computer was adequate for the post-trip 
analysis. 

As normally occurs in the first minute following a trip, the Reactor 
Coolant System (RCS) [EIIS:AB] inventory shrank as it cooled from 579F 
(normal average RCS temperature) to approximately 550F. Therefore, 
Pressurizer level, initially at 219 inches, dropped to 41 inches. To 
compensate for RCS inventory shrinkage, an operator manually started a 
second High Pressure Injection (HPI) [EIIS:CB] pump and opened valve 3HP-
26 (HPI TO LOOP A REACTOR INLET VALVE) to increase normal make-up to the 
RCS. After three minutes, Pressurizer level was restored to 
approximately 130 inches and the operator secured the second HPI pump and 
closed 3HP-26. RCS pressure was 2130 psig prior to the trip and 
decreased to 1751 psig in the initial transient before increasing back to 
2130 psig. 
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Steam Generator (secondary) pressure was 895 psig prior to the trip and 
increased to 1092 psig immediately after the trip. Main Steam Relief 
Valves opened as expected during the pressure peak. Steam pressure 
dropped to approximately 980 psig momentarily before stabilizing at 1010 
psig. While the secondary side was at this pressure, the RCS temperature 
increased to 562F. Approximately fifteen minutes after the trip the 
operators took action, as directed in the procedure, to reduce steam 
pressure to 980 psig to ensure that the Main Steam Relief Valves had 
reseated. After this action, the RCS temperature reduced to 555F (post-
trip temperature setpoint). 

Steam generator inventory reduced normally from the normal operating 
level to 25 inches as indicated on the Start-up Level instruments. Main 
feedwater pumps ran back as necessary and continued to supply feedwater. 
Emergency feedwater was not needed and did not actuate. 

A troubleshooting work plan was developed and implemented per procedure. 
A visual inspection was performed which revealed a broken wire on fuse 
`F4' in CRD Trip Confirmed Channel 'B' circuitry. This broken wire 
prevented relay 'K4' from energizing, which caused contacts associated 
with DC BKRs CB 3 and CB 4 to remain in the tripped state. In effect, 
the DC BKRs CB 3 and CB 4 logic indicated a trip at all times to the 
Channel `B' Trip Confirmed relay `K5'. However, there are no alarms or 
indicating lights showing the status of the 'K4' relay. When the CB-10 
BKR was opened for the test, the logic was satisfied for the trip confirm 
circuit. The Channel 'B' Trip Confirmed relay generates a Generator 
Lockout, which results in a Main Turbine Trip and an Anticipatory Reactor 
Trip. 

The investigation determined the cause of the broken wire in the CRD 
logic assembly. 

The investigators concluded that the wire was broken due to metal 
fatigue. They found that the multi-strand wire had been scored during 
insulation removal as part of connection during manufacturing, in the 
early 1970's. When the lead was soldered, solder was wicked into the 
scored area. This combination created a rigid assembly and a stress 
point. 
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In addition, the fuse holders are of a type that allows "keying" to 
prevent rotation; however, the mounting holes were not punched with the 
proper key shape. This allowed relatively free rotation of the fuse 
holder as the mounting nut loosened over time. The result was that the 
1 F4' load wire was flexed at the stress point during fuse 
checking/replacement over many years. 

This Unit 3 reactor trip occurred during the first CRD Trip Test 
following startup after the outage. The unit did not trip during tests 
prior to the outage. A review of work activities during the 3E0C17 
refueling outage revealed that between October 20, 1998 and November 30, 
1998 the 1 F5' fuse holder was replaced. The 1 F5' fuse holder is adjacent 
to the 1 F4' holder, which had the broken wire. 

A review of computer records for the Sequence of Events Recorder (SER) 
indicates that the 1 K5' relay was inappropriately actuated during outage 
testing on November 30, 1998, following the replacement of the 1 F5' fuse 
holder. Therefore the investigation team concluded that the wire was 
weakened over an extended period of time and was broken inadvertently 
during that maintenance activity. 

The SER printout clearly shows multiple alarms for 'Reactor Trip Confirm 
B' during tests. The SER printout was used to verify that the various 
BKRs had tripped during the test. However, neither the test procedure 
nor training required the technicians to observe SER points other than 
those specifically expected during the test. Also, the various 
components tripped by 'K5' relay actuation, including the turbine and 
RPS, were already in the tripped state and did not react. Therefore, the 
`K5' actuation was not recognized as abnormal at the time. 

The unit was returned to criticality at 0153 hours on January 2, 1999 and 
reached 100 %FP at 0300 hours on January 3, 1999. 

CONCLUSIONS 

The root cause of this reactor trip was a latent defect, (scoring of the 
conductor strands when stripping insulation) which dated from manufacture 
of the circuit and created a stress point in the wire. The investigation 
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team concluded that the wire was weakened due to the existence of the 
stress point and was broken inadvertently during a maintenance activity. 

Contributing to this was a weakness in the preventative maintenance 
program in that it did not require the fuse holder mounting nut to be 
retightened, if loose, when checking or replacing fuses. The loose 
mounting nut allowed the fuse holder to move, and caused the wire to flex 
at the stress point during periodic fuse checking and/or replacement. The 
investigation concluded that this weakened the wire over time such that 
it broke during routine maintenance on an adjacent fuse holder. 

A review for similar events within the previous two years did not 
identify any additional instances of broken wires associated with scoring 
of the conductor strands when stripping insulation or poor soldered 
connections. Inspection of the wiring on the other relays in the CRD 
Trip Confirm Logic did not reveal any additional deficiencies. 
Therefore, this is considered an isolated occurrence and no additional 
corrective actions to address this root cause are considered necessary at 
this time. 

The contributing weakness in the preventive maintenance program is 
associated with an ongoing issue of material condition and work 
standards. Planned corrective action 1 will address this issue. 

The review for similar events within the previous two years identified 
that, on March 30, 1997, Unit 3 experienced a trip during CRD BKR 
testing, reported in LER 50-287/97-01. That trip was due to a blown fuse 
on CRD relay 'K3', associated with the 'Reactor Trip Confirm A' relay. 
In that case the cause was determined to be a screw on a wiring plug 
connection that had apparently pinched the insulation. Over a period of 
years the insulation was stressed to the point that the wire contacted 
the screw and caused the fuse to blow. That investigation identified 
that the only indications of circuit malfunction associated with the K1 
through K5 relays are blown fuse indicators on the fuse holders. In the 
1997 event, the 'F3' fuse was blown, but the blown fuse indicator was 
burned out. Corrective actions included replacing the failed fuse and 
indicator, and revising the appropriate procedures to inspect the fuse 
indicators for blown fuses before initiating the BKR test. The intent of 
these procedure revisions was to assure that the associated relays were 
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energized and in the proper state to allow testing without a unit trip. 
This corrective action was ineffective to prevent the December 31, 1998 
trip because it did not address all potential failure modes of the 
circuits. Specifically, it would not identify an open circuit de- 
energized for any reason other than a blown fuse. 	Planned corrective 
action 2 addresses this issue. 

The failure of the circuit is reportable under the Equipment Performance 
and Information Exchange (EPIX) program. The affected component was the 
AC Breaker B Redundant Trip Confirm Assembly, a portion of the Control 
Rod Drive System, manufactured by Diamond Power Specialty Corp. 

There were no releases of radioactive materials, or personnel injuries or 
exposures associated with this event. 

CORRECTIVE ACTION: 

Immediate: 

1. The operators established stable hot shutdown conditions. 

Subsequent: 

1. Instrument and Control (I&C) technicians discovered the broken wire and 
re-soldered the connection. 

2. I&C technicians inspected the other fuses for similar problems in both 
Channels A and B on Unit 3. Also, various CRD auxiliary relays were 
tested for proper operation. 

3. The fuse holders for the Channel A and Channel B Trip Confirm relays on 
Unit 3 were inspected and tightened as necessary to prevent rotation. 

4. I&C technicians performed post-maintenance testing by running the CRD 
Breaker Trip Test procedure and verifying proper indications on the 
Sequence of Events Recorder. 
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Planned: 

1. I&E Maintenance will prepare a "lessons learned" communication to 
craft technicians to enhance awareness of the contribution of minor 
housekeeping and material condition defects to equipment failures. 
This communication will address the issue from this event relative to 
the loose fuse holder mounting nuts. The intent of the communication 
is to reinforce Management's expectation that observation and 
correction of such deficiencies is part of good work standards. 

2. Engineering will evaluate methods to positively verify 
position/status of auxiliary relays K1 through K4. (E.G. voltage 
tests, coil-monitoring LEDs, position indicting lights). After 
determining the appropriate method, appropriate procedures associated 
with the breaker tests will implement verification of relay status 
prior to performing CRD breaker tests. 

Planned corrective actions 1 and 2 are considered to be NRC Commitment 
Items. These actions are the only NRC Commitment items contained in this 
LER. 

SAFETY ANALYSIS: 

This unit trip was due to a broken wire. The broken wire caused the 
associated circuits to go to their designed fail safe position, which 
effectively reduced the 2-of-4 Reactor Protective System logic to 
1-of-3. A unit trip is the desired safe response in the event of such 
failures. Therefore, the plant performed as designed to enter a safe 
state. 

Post-reactor trip response, as discussed in the Event Description section 
of this report, was within acceptable limits as defined by the Babcock and 
Wilcox Owners Group Transient Assessment Program. 

Therefore, the health and safety of the public was not affected by this 
event. 
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